The term cellulite (also known as gynoid lipodystrophy and adiposis edematosa) refers to the herniation of subcutaneous fat within fibrous connective tissue that manifests as skin uneven dimpling or "orange peel" appearance. [1] [2] [3] Cellulite is more common on the buttocks, lower limbs and abdomen.
Introduction
The term cellulite (also known as gynoid lipodystrophy and adiposis edematosa) refers to the herniation of subcutaneous fat within fibrous connective tissue that manifests as skin uneven dimpling or "orange peel" appearance. [1] [2] [3] Cellulite is more common on the buttocks, lower limbs and abdomen.cosmetic procedures such as breast augmentation and lipoplasty. [8] [9] [10] It is used as an adjunct to liposuction to reduce pain and inflammation, 11 and it has also been shown to be effective for non-invasive body contouring. Reduction in cholesterol and leptin levels are other significant clinical benefits of LLLT which were reported in several studies. 11, 12 US Food and Drug Administration (FDA) approved the clinically tested LLL ZERONA ® device as a "non-invasive dermatological aesthetic treatment for the circumferential reduction of hips, waist, and thighs. " Laser irradiation mechanism of action on non-invasive body contouring and cellulite reduction remains somewhat controversial. LLLT was suggested to induce the formation of transitory micro-pores in the cell membrane of adipocytes, allowing intracellular lipids to leak out. [13] [14] [15] [16] Though, the biochemical mechanism of action of LLLT on adipose tissue is still controversial, one possible explanation might be that, absorption of laser light by mitochondrial chromophores (particularly, cytochrome C oxidase) of the adipocytes leads to increase of cyclic adenosine monophosphate (cAMP) production. Elevated cAMP stimulates cytoplasmic lipase, an enzyme that converts triglycerides into fatty acids and glycerol which can both pass through transitory pores, thereby leading to shrinkage of the adipocytes. [13] [14] [15] The ability of LLL for non-invasive body contouring has been investigated by many researchers. Lach and Pap conducted another study among 25 subjects who underwent a series of treatments with infrared and red lasers, followed by massage. In total, 14 subjects showed a 5% to 35% reduction in fat thickness and improvement in the appearance of cellulite in the thighs at the end of the treatment period. 17 A review of the studies which applied LLLT for body contouring revealed that some researchers used red laser alone, [18] [19] [20] [21] [22] and others used a combination of red and infrared lasers. 17, 23 In this study, a combination of 3 different wavelengths of diode lasers was used, and the effects of this combination were investigated on abdominal girth reduction. Lasers were selected according to the findings of several researches, as subsequently discussed. Neira et al investigated the action of red laser (635 nm, 10 mW intensity) on human adipocytes taken from lipectomy samples. Transmission electron microscope (TEM) and scanning electron microscope (SEM) images revealed the formation of transient micro-pores in cell membrane of the adipocytes. Subsequently, up to 99% of fat could be released from the adipocytes, leading to complete deflation of adipocyte. 23, 24 Another proposed mechanism of action is based upon activation of complement cascade, which could induce adipocyte apoptosis leading to release of lipids through transient pores. 10 A red 630 nm laser was used in our selective lasers combination to achieve this biochemical activity on adipocytes.
It was shown by several studies that penetration depth is significantly affected by wavelength. Longer wavelengths will penetrate further because both scattering and absorption of light are higher in shorter wavelengths. [25] [26] [27] [28] There is a so-called therapeutic window (also known as optical window) which defines the range of wavelengths from 650 to 1350 nm, where effective tissue penetration of light is maximiz). 28 A near-infrared laser (808 nm) was used to affect deeper fat layers. On the other hand, Furchgot and Ehrreich demonstrated the ability of laser light to facilitate the release of nitric oxide (NO) from nitrosyl complexes of hemoglobin. Biologically active NO can stimulate vasodilation through the effect of NO on cGMP, followed by increased blood circulation in the tissue. 29 Recently, it has been shown that the most effective wavelengths on light mediated release of NO are UV-A (320 to 400 nm) and blue range (400 to 460 nm). [30] [31] [32] [33] One of the cellulite predisposing factors is circulatory insufficiency. 1, [5] [6] [7] Over this fact, ameliorating tissue perfusion by blue light may be effective in decreasing problems of circulation and reducing localized adiposity. The experimental objective of this study, therefore, was to evaluate the application of a 630 nm red laser, 808 nm infra-red laser and a 450 nm blue LED (blue laser was not available) for non-invasive reduction of circumference in patients with abdominal localized adiposity.
Methods
This study was designed as a before-after case series. Eighteen adult females aged between 26 and 62 years with abdominal localized adiposity received 12 biweekly treatments (mean age ± standard deviation [SD]: 44.61 ± 10.98). Subjects were selected according to the following exclusion and inclusion criteria: Inclusion criteria comprised female gender patients who did not respond to diet and exercise, willingness to abstain from participating in any other treatment procedures for weight loss and girth reduction during the course of study, willing and able to maintain normal pre-study diet and exercise, and age between 20 and 65 years. Exclusion criteria included body mass index (BMI) of 30 kg/m² or above, diabetes mellitus, cardiovascular disease, prior surgical interventions for body contouring or weight loss, current use of medication(s) known to affect weight levels and/or cause bloating or swelling, pregnancy, breast feeding and serious mental health illness. This study was conducted in our private medical laser clinic, Tehran, Iran, between April 2013 and January 2014. Laser devices used included Red laser designed by Canadian optic and laser (COL) Company, 630 nm, 100 mW, spot size = 1 cm 2 ; continuous mode, power density = 0.1 W/cm 2 ; Infra-red laser designed by COL Company, 808 nm, 100 mW, spot size = 1 cm 2 ; continuous mode, power density = 0.1 W/cm 2 ; Blue LED designed by COL Company, 450 nm, 3000 mW, spot size = 1 cm 2 .
The 3 wavelengths were applied sequentially, first, infrared laser, followed by red laser, and then blue LED. The irradiation time of each laser device was manually controlled with a timer. The laser devices were calibrated automatically. The assessment tool was a plastic scale and a single assessor was used for measurements before and after LLLT. Each laser device was administered on 10 points of each quadrant of the abdomen. The first point which was 3 cm apart from the umbilicus was chosen and then 3 cm apart laser device was used from one treatment point to another. Laser device was positioned at contact mode with a moderate pressure on tissue and titled at a 90º angle. Time of irradiation was 15 seconds per point for each device (1.5 J/point IR + 1.5 J/point red + 45 J/point the blue LED, in total 48 J IR + RED + Blue LED per point). Total energy was 480 J/quadrant and 1920 J/session. The umbilicus was used as an anatomical landmark to differentiate parts of the abdomen for measurements. Girth of the abdomen at the site of umbilicus was noted as the middle abdomen, the girth of 4 cm above the umbilicus was measured as the upper abdomen and 4 cm and below the umbilicus was measured as the lower abdomen. The before and after evaluations were only made by measurement; and abdominal girths were measured before the beginning of LLLT and after completion of the therapy (Table 1) . Unfortunately, only few of the patients took part in the follow up measurement after 3 months, and as patients number was not enough, follow-up reports were skipped. No adverse events were reported during the study procedure. Some of the participants who suffered from constipation reported amelioration after 3 or 4 sessions of LLLT.
Results
A paired t test was used to compare sizes of the upper, middle, and lower abdomen pre-to post-LLLT. Statistical analyses revealed that upper abdomen size significantly decreased from pre-(91.86 ± 11.16) to post-LLLT (87.41 ± 10.52) (P < 0.001). Middle abdomen size showed significant reduction from pre-(97.02 ± 8.82) to post-LLLT (91.97 ± 8.49) (P < 0.001). Lower abdomen size significantly decreased from pre-(100.36 ± 9.45) to post-LLLT (95.80 ± 8.52) (P < 0.001) ( Table 2 ). Mean differences comparing the reduction in mean sizes of upper, middle and lower abdomen pre-to post-LLLT were -4.81 ± 2.31 for upper abdomen, -4.87 ± 4.20 for middle abdomen and -4.12 ± 1.66 for lower abdomen (Table 3) .
Discussion
The results of this study showed that LLLT using 3 different wavelengths of diode lasers is an effective and safe method for girth reduction. Apparently, to assess the effectiveness of the combination of these wavelengths in comparison to each of them alone, there should have been at least 5 study groups: red laser alone, infrared laser alone, blue LED alone, red and infrared, and the combination of the 3 wavelengths. This research was undertaken with a before-after case series as a pilot study. It was accepted that this case series could not be used as a clinical reference. A multi-groups clinical trial is the next plan for further investigation on this category.
Conclusion
LLLT is a safe, non-invasive and pain free technique, which is effective in reducing local adiposity. Based on this case series pilot investigation, combination of 3 different wavelengths of LLL was effective for abdominal girth reduction in 100% of our subjects (P < 0.001), without any side effects. But it was accepted that there is a need for large sample size and placebo/control groups. The next step is to investigate this combination of wavelengths in a clinical case/control groups study.
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